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® Process for producing particles and coating Hlms of titanium oxide. 

® The present invention relates to a process for producing titanium oxide particles and a process for producing 
a titanium oxide coating film. The titanium oxide particles are produced by subjecting a suspension of titanium 
oxide fine partides to a hydrotherrngjieatment at 100'C or higher at a pH of a specific range to carry out 
crystal growth of the fine particles. The titanium oxide coating film is produced by suspending the thus obtained 
titanium oxide particles in water, adjusting the suspension to a pH of a specific range, coating the suspension on 
a support and then firing the coat to alkiw the titanium oxide partides to firmly adhere to the support 

The titanium oxide particles and titanium oxide coating film obtained according to the present invention are 
used as pigments, ultraviolet absorbers, fillers, optical materials, electronic material, optoelectrfc transdudng 
matenals. decorative materials, catalysts, photocatalysts. catalyst carriers, adsoribents and bkxeactors 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a process for producing particles and coating films of titanium oxide 
and more partcularty to a process for producing particles and coating films of titanium oxide wfiich are 
used for pigments, uttraviolet absorbers, fillers, optical materials, electronic materials, optoelectric trans- 
ducers, decorative materials, catalysis, photocalalysts, catalyst carriers. adsort)ents, t>ioreactor$ and the 
like. 

Description of Related Art 

Titanium oxide particles are useful as pigments, ultraviolet atisoriters, fillers and the like. Furthermore 
titanium oxide coating films comprising titanium oxide particles alkwed to firmly adhere to a support are 
useful as photocatalysts. sensors and materials lor semiconductor electrodes such as solar t>atteries 
utilizing the photosemiconductor characteristics of titanium oxkto and as sealing materials utiliztrra its 
dielectric charactensttos. Moreover, titanium oxide coating films are used as heat ray reflecting glasses and 
decorative materials because of high light reflectance and t>eautiful silvery reflective cotor tone and 
furtfienfnore as catalysts, photocatalysts. catalyst caniers. adsort>ents and bioreactors utilizing the porosity 
of the titanium oxide coating films. The titanium oxide coating films can be produced, for example by a 
process which comprises immersing a support in a solution containing titanium isopropoxide or the like 
teWng It out and then heating ttie support at a high temperature to form a film, a process whteh comprises' 
bkwing titanium tetrachtoride vapor against the surface of a support at a high temperature to form a film a 
process whfch comprises spraying a solution containing an organotitanium compound such as titanium 
acetylacetonato, titanium alkoxkie or tfie like to tiie surface of a support at a high temperature to fonn a 
film. 

Aocording to the above-fnentioned conventional processes, a titanium compound Is reacted on a 
awoft to form a titanium oxide film. Therefixe. the size of titanium oxide primary particles which constitute 
fte resulting titanium oxide film is several nm and such titanium oxide particles show volume shrinlcage at 

."T J" " occurrence of cradcs in the resulting film. The film having cracks is apt to 

'^J^ ^ ^"'^ and is tow In endurance and wear resistance and furthermore, inferior in optical 
charactenshcs. In addition, according to the conventional processes, it is difficult to make porous titanium 
ttode coating films having a large thickness and a large specific surface area which are suitable for 
optoelectnc transducing materials, catalysts, photocatalysts and adsoritents. The convenfional processes 
have further problems that the working atmosphere becomes worse due to the vapors of organte solvents 
and btanium compounds and there are dangers in wortdng such as firing. 

SUMMARY OF THE INVENTION 

An obiect of the present inventkm is to provide titanium oxkie particles excellent in crystallinity and 
exbBme^ exoellem in various properties. Another object of the presort in^ 
coating films less in cracks and high in adhesion to a support 

The presem inventton is a process for producing titanium oxkie particles whfch comprises subiecting 
Wanium oxide fine particles to a hydrottiemral treatmert at a temperature of 100-C or higher, characterized 
by carrying out the hydrothermal treatmert using (1) a suspenston of titanium oxide fine particles containing 
oitte-type titanium oxkie, (2) a suspension of titanium oxide fine particles containing anatase-type titaniuin 
oxide obtained by hydrolyzing titanyl sulfate or (3) a suspension in whteh various titanium oxkie fine 
partictes such as hydrous titanium oxide fine particles of metatitank: acM or orthotitank: ackl in addition to 
the above^entioned titanium oxMe fine paitides are highly dispersed. Furttiemiore. tiie presort invention 
B a process for producing a titanium oxide coating film on a support using ttie above titanium oxkie 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a optical photomfcrograph (x 1000) whteh shows the suriace morphotogic structure of the 
titanium oxide coating film obtained in Example 3. 

Fig. 2 is an electron photomicrograph (x 8000) which shows the layer structure of a section of ttie 
titanium oxkJe coating film obtained in Example 7. ^uw» w w 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The inventors have conducted intensive research in an attenript to ot>tain a titanium oxide coating film 
strong in adhesion to a support and excellent in optical properties and as a result, have found that (1) by 
5 using titanium oxide particles obtained by carrying out crystal growth of titanium oxide fine particles, volume 
shrinkage at the time of fomfiatton of the film can be reduced, occurence of cracks can be reduced and 
adhesion to the support can be improved. (2) the titanium oxide particles whfeh are alk>wed to firmly adhere 
are desirably those which have an average particle size of 10 to 100 nm, preferably 10 to 30 nm, especially 
preferably 15 to 25 nm because these are excellent in adhesion to the support, (3) for carrying out the 
w crystal growth of titanium oxMe fine partteles, there are the foltowing methods of (a) heating titanium oxute 
fine partides at a temperature of 200 to 600*0. (b) subjecting the titanium oxMe fine partteies to a 
hydrothennal treatment at a temperature of 100»C or higher, and (c) subjecting a suspension in which the 
titanium oxkle fine particles are highly dispersed to a hydrothermal treatment at a temperature of 100*0 or 
higher, and these methods are preferred because the crystals of the titanium oxide fine particles can be 
T6 unifonnly grown, and especially preferred is the method (b) in which titanium oxide fine particles containing 
nitile^type titanium oxide or titanium oxide fine partk:les obtained by hydrolyzing titanyt sulfate are 
sufc^ectad to a hydrothemnal treatment and (4) in the case of forming a titanium oxide coating film by 
allowing titanium oxide particles obtained t>y crystal growth of titanium oxide fine partides to firmly adhere 
to a support the packing density of the titanium oxide coating film can be enhanced and adhesion to ttie 
20 support can be further improved by using a suspension In which said titanium oxkle particles are highly 
dispersed. TTws, the present inventkm has been accomplished. 

In the present invention, the "titanium oxide" means various titanium oxkles such as anatase-type 
titanium oxide, nitile-type titanium oxide, anK>rphous titanium oodde. metatitank: add. orthotitanic add and 
the like and hydrous titanium oodde. Moreover, the "titanium oxMe fine partfeles" means those which have a 
25 fine average particle size of 3 to 20 nm. preferably 5 to 15 nm and the titanium oxkle partfcles" means 
those having an average particle size of 10 to 100 nm. preferably 10 to 30 nm. espedally preferably 15 to 
25 nm obtained by crystal growth of saki titanium oxkle fine partides. The sakJ titanium oxide fine particles 
are obtained by known processes, for example, by hydrolyzing or neutralizing titanium compounds such as 
titanyl sulfate, titanium chkMide, titanium acetate, titanium aikoxide and the like, if necessary, in the 
so presence of a seed. Then, the thus obtained titanium oxide fine partides are preferably filtrated and washed 
for removing impurities such as sulfates. chk>rine and alkalis. 

The "titanium oxkle fine partides containing rutile-type titanium oxide" used herein means ti^ium 
oxkle comprising 0.5 to 50% by weight preferably 1 to 30% by weight of fine partides of titanium oxide 
which can be Wentified to be nitile-type crystal in the X-ray diffraction pattern and the balance being mostly 
35 amorphous. One example conresponding thereto is the rutile transitton accelerating seed used in preparatkm 
of titanium dioxide pigments. The sakl titanium oxkte fine partfcles containing nitile-type titanium oxide can 
t)e prepared, lor example, by the fdtowing processes; (J) A titanium compound such as titanyl sulfate, 
titanium acetate or titanium t0trachk>ride is neutralized with an alkafi or hydrdyzed, if necessary, in the 
presence of nudeus crystals to obtain a predpitate and the resulting predpitate is heated, if necessary, with 
40 addition of an alkali and then is aged at a temperature off from 50*0 to the bdling pdnt with addition off an 
inorganic add such as hydrochtoric add or nitric add or an organic add such as dtric add. ® A Titanium 
chtoride is neutralized with an alkali at a pH of 4 to 7. <3) Titanium chloride is hydrolyzed by heating under 
ti»e condition of 11% or higher in hydrochloric add concentration. © Titanium chtoride is subjected to an 
oxidative thermal decomposition in vapor phase. 
45 The "titanium oxide fine particles obtained by hydrdysis of titanyl sulfate" used herein means titanium 
oxide fine partides containing anatase^pe titanium oxide obtained by hydrolyzing titanyl sulfate witfi 
heating at 60 to 110*0, especially 80 to 110*0. This contains a slight amount of amorphous titanium oxWe. 
but contains mostiy titanium oxide which can be identified to be anatase-type crystal in the X-ray diffraction 
pattern. 

so When tiie heating temperature at tiie time of hydrdyds is tower ttian 60 • 0, hydrdysis off titanyl sulfate 
is not suffidentiy performed or a tong time is required for hydrolysis. The concentration of titanyl sulfate in 
the solution and ttie heating time can be optionally set but a titanyl sulfate concentration of 60 to 250 g/l in 
terms of TlQz is suitable and a heating time of about 1 to 10 hours Is suitabto. The pressure at the time of 
heating is preferably atmospheric pressure, but tiie heating may be conducted under application of 

55 pressure. Furthemnore, if necessary, a seed may be present in ttie sdution of titanyl sulfate. Preferably, tite 
thus obtained titanium oxide fine partides are filtrated and washed to remove impurities such as sulfate 
radicals. 
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The "suspension in which titanium oxide fine particles are highly dtspersed' used herein is otytained by 
allowing an acid to be present in a suspension of titanium oxide fine partides to adjust the pH to 4or lower, 
preferably 2 or lower or allowing an alkali to be present in a suspension of titanium oxide fine particles to 
adjust the pH to 9 or higher, preferably 10 or higher and dispersing titanium oxide fine particles or by 

5 grinding the powders of titanium oxide fine particles and then preparing a suspension thereof, or by 
suspending titanium oodde fine particles in a suspension with grinding the fine particles by a grinder or a 
classifier, or by allowing a dispersant to be present in the suspension. 

When add or alkaG is allowed to be preserit if pH of the suspension is higher than 4 and lower than 9. 
titanium oxide fine particles are dispersed vrith difficulty and cannot t>e made to a colloid solution. For 

10 adjusting the pH to 4 or tower, at least one add optionally selected from inorganic adds such as 
hydrochloric add, nitric add, sulfuric add, phosphoric add and cartxxiic add and organic adds such as 
citric add. malic add. acetic add and lactic add is added to the suspension. Hydrochloric add or nitric add 
is preferred. For adjusting the pH to 9 or higher, at least one alkali optionally selected from sodium 
hydroxide, potassium hydroxide, sodium cartxmate, ammonium caritxmate. ammonia and amines is allowed 

75 to be present The grinders used are preferably wet grinders such as sand miU, ball mill. Henschel mixer 
and paint shaker. As the dispersant when this is used, mention may be made of, for example, inorganic 
dispersants such as sodium hexametaphosphate and sodium silicate and organic dispersants such as 
sodium polycartxncylatBS, polyethylene glycd and aoetylacetone. These dispersants may t»e used each 
alone or in comtiination of two or mors, bi the present invention, organic dispersants are espedalty 

so preferred and sodium pdycarboxytates such as OROTAN 850 (manufactured by Rohm & Haas Co.) and 
polyethylene glycol are especially prefenred among the organic dispersants. These dispersants can be 
added optionally to the suspension of titanium oxide fine partides before coating of the suspensfon on a 
support thereby to allow them to be present iii tfie suspension. The amourit of the dispersant to be added 
is preferably about 0.1 to 40% by weight in tenms of the effective ingredient based on the weight of the 

25 titanium oxide fine particles. In the present invention, preferred are the process of allowing an add to be 
present in the suspension of titanium oxide fine partides to adjust the pH to 4 or lower, preferably 2 or 
tower or altowing an alkafi to be present in the suspension of titanium oxide fine particles to adjust the pH to 

9 or higher, preferably 10 or higher and dispersing the titanium oxide fine partides. 

The hydrothermat treatment is carried out by heating the suspension or highly dispersed suspension of 
30 titanium oxide fine particles to a temperature of 100*C or higher, preferably 100 to 250*C. By this 
hydrottiennal treatment crystals of the titanium oxide fine partides are grown to an average partide size of 

10 to 100 nm, preferably 10 to 30 nm, especially preferably 15 to 25 nm. Furtiiermore, by this hydrothermal 
treatment tfie titanium oxkJe fine parttoles containing rutile-type titanium oxide become rutile-type titanium 
oxWe particles and X<ay diffraction of this rutile4ype titanium oxide particles reveals no anatase-type 

35 crystal and this rutile-type titanium oxide particles have substantially rutile-type crystal stnjcture. The 
titanium oxtoe fine partides containing anatase-type titanium oxide become anatase-type titanium oxide 
partides by the hydrothemnal treatnr>ent Xnray diffraction of this anatase-type titanium oxide particles 
reveals that the partides show substantially anatase-type crystal structure. The thus obtained rutile-type 
titanium oxtoe particles or anataseH^ titanium oxtoe particles can have the desired partide size by 

40 suitably setting the temperature and time of the hydrott>ermal treatment. By subjecting the suspension in 
whfch titanium oxide fine partides are highly dispersed to the hydrothennal treatment the effect of the 
hydrothermal treatment can be further enharK:ed. 

The hydrothermal treatment is preferably carried out under about saturated vapor pressure, tuit can also 
be canfied out under higher than the saturated vapor pressure or under about atmospheric presajr© and can 

45 rionnally be carried out by industrially emptoyed heat-resisting and pressure-resisting apparatuses. The 
time lor the hydrothermal treatn^ can be optionally set but is suitably atxiut 1 to 48 hours. 

If necessary, the titanium oxide particles obtained by the hydrothennal treatment are filtrated and 
vtrashed to remove impurities such as suKato radicals, chlorine and alkalis, and dried to make dry powders. 
The drying can be carried out at optional temperatures, but suitabfe is 100 to 500*C. Furthennore. it is also 

so possible depending on the using sHes to use the titanium oxide particles by supporting or coating them on 
a support or by grinding or molding the above dry powders. It is also possibfe depending on the catalytic 
reactions used to support transition metals such as goW. platinum, rtwdium and palladium on the surface of 
the titanium oxide partides. 

The present invention further relates to a process for produdng a titanium oxide coating film by coating 

55 on a support the titanium oxide partides obtained by carrying out the crystal growtti of the titanium oxide 
fine partfcles and firing the coated partides. The "titanium oxtoe coating film* in the present invention 
means a coating film containing substantially no resin, being different from the general coating films 
comprising a titanium oxide pigment and a resin medium. Furthermore, it has a large specific surface area 
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lfr«^ ™ "'^ '^'^ and mm (rf a fibn thickness. The titanium oxide coafing 
^l^i^K'^^^ ''^^ optionally changed in Hs thickness, transparency and porosi^ 

node si»^on and partide size of the titanium o)dde particles explained hereinafter. Moreover tl» 

SXl^^^tr.*!?'"'!^ 2^ " setting the firing indlZ^ SSL^ 

Iii J^L'Z^f^ ^ '^'^"9 a mixture of anatase-type titanium oxide partkSTSS 

r^^J^ S:?^ * °" proportion. The thickness of the film can be. W^Se 

,0 jSti „S ^^I?" "^"8 partide si» of 10 to 100 pSSj 

10 10 to30nm. especlalVpreferat)ly 15 to 25 nm are superior in adhesion to the support ••"«««««"y 

SS^^^^ r*^" ^ P^'^'^'y to 500-C. especially pWably 

^ t^.^* ^ above^ttoned method of subjecting them to hyd,«h«^SWn^ at a 
temperatureof 100'C or higher, preferably 100 to 2S0'C "«« « a 

" not SJIrJlT"? "^TT* is tower than 200 • C. crystal growth of the titanium oxide fine pa>licles is 
great and cracks are apt to occur and adheston to the support becomes inferior When thehMWnn 
ly^rJ^ crystals Of the titaniuSTxide nne p^lS^J^^^, 

ao decreases. The heating time is suitably 0.5 to 2 hours. «««»i8 
fi^.^J^"® above heating treatment or hydrothemr,al treatment, crystals of the titanium oxMe 

SL?^ ^ and i^steilinity is Improved and unifem, titanium oxkle parl^ of suitable siTc^Tte 
obtained. Thus, the desired titanium oxkJe coating film can be obtained. «™«5iwcanDe 

In the present invention, the titanium oxide particles obtained by canvina out the crvsiai om.«ih «» 
ttejjim ad* particles are «,« suspended in a ^ 

s^t wator » ^ally preferred frem the point of working atmosphere The ocZZ^^^ 
ttanium^ode particles in the suspension can be optionally set. butT^ntration of iTTSSo^^n 
SI concentrafion is lower than 10 g/,. It becomes difLit to in^ti^ 

in!^'""" When it is higher than 1200 g/I. viscosity of the ^SsS 

and the su^enswn can be coated on a support with difficulty, m the p^ inven3^rS 
^^^^J?^^^ conoentiatfon by subjecting the titanium oxide partfeies in the suspZoTto t»S 
^^ZT^^TI^^"^ Furthennore. the suspensfon of the titanium oxMe parides obSi^S 
by the hydrothennal treatment can be coated as it is or after adjusting the concentratkMTrt S 
^ Parww Without canying out the flitretton of the titanium oxide particSTT^ltX^r 
coatmg methods mentioned hereafter and thus, a titanium oxide coating fi^ be obtalSSf 
The resulting suspenston of titanium oxide partkaes is coated on a support by usual mrt^ 

^h.^Ll^!^' "^"^ «^ to renKive the solvent and the titanium oxkle pa^des areXJSd 
SrSr^if^ 1 '^..^^'P^l^J^^riai, shape and size Of the support on wWd, the SrtSTcSelS^ 
forn«d «« be opbonally selected depending on the object and its use. As the matorial there iSJbe ^ 
^"ZSS'.T!!"^-^ and as the Shape and size mentfon may be made oTT^'SLTS 
small fragment, spheres such as beads. The firing Is carried out at 100-C or hkiher r«rf^«wJ^'*! 
800-C. especially preferably 300 to 800-C. WhenL firing teClreis IZr^iST^SL^ £ 
the support deteriorates. The upper Hmlt of the firing ZpeJ^^^nSZT L 
generK^ily spedfied, but the firing temperature higher than aOJ-C is nT^ 

^ t is too mud, or the spedfto S Z SL^^ 

oatingfilm « »nalL In the case of carrying out the heating for crystal growth, the firing fe carted L« a 
temperatore h^her than the heating temperature. When th^firing^pSature fTaSio^^iS^ 
IS tower than the heatin^^ 
» In tt» present invention, it is preferred to use Iftanium oxkle partfcles^btainedbv^sublecfino 
^rZ^e fJ^S.*^ «anium oxide fine parttoies are highly dlspSii to iSC^STer^SSJS 

prefened to us9 the titanium oxKte partides comprising substantially rufiie^ titanium oxkteobteSd bv 
subieding the titanium oxMe fine partteles containing nitile^ype tita^um aXtoThS<Stom.?SSi^ 

2!i substantially anatase^pe titanium odde partdes obtained by h^dSS 

'^-^"^ <^ to a hydrothermal le^Tj^l 
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In this way, the titanium oxide film of the present invention is obtained 
77»e pfBsert invention is illustrated by the following examples. 
Example 1 

ihJ^ ^J!^ containing 200 g/l of tilanium tetiachloride was added dropwteo to 2 

Comparative Example 1 

stirH^SrSijrjH r.oio'^n'a::; felt: fl^-'iif ^-^^ ^ 

prepare a suspension of 2S0 oaT^J^'JT,^ *^ dispensed in water to 

Comparative Example 2 

Table 1 



so 
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Sample 


Decomposition 
rate(%) 


Example 


A 


72 


Comparative Example 1 


B 


42 


Comparative Example 2 




48 



Furthemwre. crystallinity of Samples A-C was examined bv s~ei««r«n». 
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around the sample vibrates and generates a sound wave due to tlie thermal expansion of the sample with 
increase of ttie vibration energy of crystal lattice. The sound wave generated in this case is detected by a 
h^h^dttvity microphone. The wavelength of the light with which the sample is irradiated is changed from 
300 to 1600 nm and the output of the high-sensitivity microphone is measured to obtain a photo-acoustic 
spectnim of each sample. ----v-^oui. 

It is generally said that rutile^ titanium oxide has an energy gap of 3.0 eV. When an energy 
oorr^ondmg to this energy gap is converted into a light energy, this is a light of 413 nm in waveleng^ 
Therefore. theoreticaUy. when a light slightly shorter in wavelength than 413 nm is irradiated, the Hglrt i^ 
completely absorbed by titanium oxide and when a light sUghtly longer than 413 nm is irradiated, the light is 
utter^ not absorbed by titanium oxide. However, titanium oxide inferior in crystallinity has a defect level 
rapabte of absorbing an energy smaller than 3.0 eV and absorbs even the light slightly longer than 413 nm 
From *« fact, superiority or inferiority of crystallinity of the samples can be determined by comparing th^ 
state of tWs specific ligm absorption edge using the above-mentioned photo^acous^ F=rt»m the 

fact that the photo-acoustic spectnim of the rutil»^ titanium oxide particles of the present invention was 
^ "« of the specific light absorption edge, it was seen that the nitile^ titanium oxide particles 
of the present invention were superior in crystallinity. 



Example 2 



One IHer of a solution containing 80 grt of titanyl sulfate was heated to 85«C and kept for 3 hours to 
t^^^m^^ ">^*^ »«anium oxide fine particles were taken, filtrated and dried 

X-«y diffraction of ttie product showed that it had an anatase^ crystal structure and had a particle size 
Of 5 nm.) ' 

The thus obtained titanium oxide fine particles were fiHrated. washed and then dispersed in water to 
as prepare a suspension of 250 gfl in temis of TiO*. Then, aqueous hydrochtoric add soiX, was added to 
^L^T^u^ "f" " *° suspension was charged In an autoclave and 

subiected tea hydrothemial treatment at 150-C for 13 hours under a saturated vapor pressure The 
resulting ^uct was filtrated, washed and dried to obtain the tHanium oxkle partides 51S^p,eserS 

30 rrjsr;;^^3r^^*''^"°"'--*^"'^ 

Comparative Example 3 

« K hI!^'", ""^ obtained In the same manner as in Example 2 except that tiie 

an anatese-type crystal structure and a particle size of 5 nm. ■wmmmainnaa 
Comparative Example 4 

* ■ ^ P***^ Comparative Example 3 were fired at 450-C for 30 

minutes to obtain Sample F. Xiay diffraction of this Sample F showed ttiat it had an anatese-type crystal 
structure and a particle size of 12 nm. —««w-qrpe crysiai 

TTwcataljrtte activity of Samples obtained in Example 2 and Comparative Examples 1-4 was 

« 4 glin tem,s of T10,. To 25 ml of the resulting susperision was added 25 ul of 2Wnol aSftSTtiie 

susper^^was rrad^ted witi, a Oght from a xenon lamp Of 150 W for 2 hours to c^ Sa 
Jeo«Tj^«t^^ Of Z^panoi. The decomposition rate of 2.propanol wifl, ««2r^^SS^£5 
from fte concentrations of 2.propanol before and after tt» reaction. The results are shown in tSTTas 
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Sample 


Decomposition Rate (R) 


One hour after starting of 
the reaction 


2 hours after starting of the reaction 


Examples 


D 


33.5 


54^7 


Comparative Example 1 


B 


11^ 


24.4 


Comparative Example 2 


C 


24.6 


40.8 


Comparative Example 3 


E 


12.2 


26£ 


Comparative Example 4 


F 


22,5 


35.5 



tte samemanner as above. The wsute are shown in TaWe 3. As Wte^^SJ.^ 
anatase^ype titanium oxide particles of the present invention a« 

Tables 





Sample 


Decomposition Rate (R) 


15 minutes after starling 
of tfte reaction 


30 minutes after starting of the reaction 


Example2 


D 


41.9 


71^ 


Comparative Example 2 


C 


283 


47.5 



30 



95 



40 



45 



SO 
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rising of the specific light absorptionldQe w^^L^ S^T^ !^ «r^ton was sharp in 

present invention were'sujSStSSniJ anatase-type ttanium oxide particles of the 

Example 3 
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Then, the titanium oxide fine particle powders were heated at 300'C for 1 hour to obtain titanium oxide 
particles having anatase-^type crystal structure of 11 nm in particle size. Then, the resulting titanium oxide 
partidas were ground by an attritor and introduced into water. TYiereafter. to this water was added 
pdyethylene glycol (average molecular weight: 15000-25000) in an amount of 20% by weight of TiQ2. 
followed by sufficient shaking by a paint conditioner (manufactured by Red Davll Co.) to obtain a 
suspension containing 500 g/I of titanium oxide particles. Then, this suspension was coated on a glass plate 
by a doctor blade (slit 60 um) and air-dried and then, fired at 450*C for 2 hours to obtain a titanium oxide 
coating film (anatase-type crystal, hazed) of the present invention. 

This titanium oxide coating film firmly adhered to the glass plate (support) and the film was observed 
under a light microscope to find substantially no cracks on the surface. This titanium oxide coating film had 
a thickness of 10 um measured by a feeler type film thickness gauge and had a specific surface area off 80 
to 100 cm2 per 1 cnrt2 of tfw support and 1 itm of the film tiikicness which was measured by nitrogen gas 
adsorption method. 

Example 4 

A titanium oxide coating film (anatase-type crystal, hazed) of ttie present invention was obtained in the 
same manner as in Example 3 except that the calcination temperature was 400 • C, 

The resulting titanium oxide coating film firmly adhered to the glass plate (support) and the film was 
observed under a light microscope to find substantially no cracks. This titanium oxide coating film had a 
thtekness of 10 um and had a specific surface area of80tDl00cm2per1cm2oftt» support and 1 um of 
the film thickness. 

Example 5 

An ackl titania sol (CS-N. titanium oxWe fine partteles of anatase-type crystal and 5 nm in particle size 
manufactured by Ishihara Sangyo Kaisha, Ud.) was dried at 110*C for 5 hours. The resulting titanium oxide 
fine particle powders were heated at 300 -C for 1 hour in the air to obtain titanium oxide particle powders 
(anatase-type crystal, particle size 11 nm). Then, the following components were shaken in a paint shaker 
for 5 hours to suffidentiy mix and disperse them. This was coated on a glass plate off 100 cm^ by a doctor 
blade and dried and then, was fired at 450*C for 30 minutes to obtain a titanium codde coating film 
(anatase-type crystal, translucent) off the present invention. 

The resulting titanium oxide coating film firmly adhered to tiie glass plate (support) and the film was 
observed under a light microscope to find substantially no cracks. This titanium oxide coating film had a 
thickness off 2.0 um. 



Titanium oxide particle powders 8.0 g 

Pdyettiylene glycol (ntolecular weight 20000) 3^ g 

Pure water 14.0 ml 

Concentrated nitric add 0.5 ml 



Catalytic activity off ttie resulting titanium oxide coating film was examined in the folkwing manner. The 
titanium oxide coating film was put in a glass container of 8 liters and acetaktehyde which was a 
makxtorous component was added thereto at a concentration off 50 ppm. Then, the glass container was 
sealed. The titanium oxide coating film was irradiated witfi a black light for 2 hours so that ultravtolet 
intensity on ttie surface off the film reached 1 mW/cm* and the concentration off acetaldehyde affter the 
inradiation was measured to obtain 15 ppm. From this result, H can be seen that the titanium oxkle coating 
film off the present Invention is superior in photocatalytic activity. 

Comparative Example 5 

Water was added to the wet cake which was obtained in the same manner as in Example 3, but was not 
sulyected to ttie heating and furthermore, polyetfiylene glycol (average molecular weight 15000-25000) was 
added thereto in an amount of 20% by weight based on ttie titanium oxide, folfowed by stirring to obtain a 
suspension containing 300 g/1 off titanium oxide fine particles. 

Then, ttiis suspension was coated on a glass plate by a doctor blade and air-dried. Thereafter, the coat 
was fired at 450*C for 2 hours. As a result, the titanium oxide fine particles peeled off from tt»e glass plate 
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in the fbrm of fragnronts and a tHanium oxide coating film was fwt 
Example 6 

One liter of a solution containing 80 g/l of titanyl suKata was heated to 85- C and kept at that 
^T^^ ® iltanyl sulfate to obtain titanium oxide fine particles (AStlftfS 

resulting tianium oxide fine particles were taken and filtrated, washed and dried xWdMta^ 3 2 
jesumng pnKiuct showed that the p«xfuc had anatase^ clyTSiSl SS lSYSS^tL oil 

The r^ltir« iBtanlum oxide fine particles were filtrated, washed and then dispersed in water to oreoare 
a suspension of 200 g1 in tem,s of TKh. Then, aqueous hydrochtoric add eo^ iTSw^^S! 
a«per«oj^ adjust the pH torn 

to a hydrothem«l treatment at ZOO-C for 13 hours under a satiSTvapor ^^iTi^^ 
resuMng ««pen*n of titanium oxWe parttoles was taken and filtrated. wa*^a5^ X^Bv'^liiS; 
2 » nST " Showed that the product had anatase^ crystal 8tn«ture andTad VjaS^S 

aglass plate t^ a doctor Irtade and air^ried. Thereafter, the coat was fired BtASO-cZtt^S^r^ 

TWs totenlum oxide coating film fimtly adhered to the glass plate (support) The film was oh«««rt 
ur-er a hght microscope to find sut«tantialV no cracks. This tilanil oxi^S^g^ hi Hi^S^ 
had a specific surface area Of 80 to ,00 cm^ per 1 cm* Of the «^ ^^^^ 

2s Example 7 

The resulting titanium oxide fine particles were filtrated, washed and then dispersed in water m 

aOff^fte plH to 1 A Thereafter, the suspension was charged in an autoclave and subfe^ta a 
hydrothem«r treatment at 150 -C for 13 hours under a s^roSTvapor ptS^Ta^ ^^^Snf 
suspensKxi Of titanium oxide partfcles was taken and filtrated. wasbSTaSdS X-rS^lSlSo^ 

""ir-S'^S^oftl'iS; ""^r^ crystel sm^cture and had a .^SeS^of'^T 

TO the «^pensioi^ of the trtanium oxide particles obtained by the above hydrothermal treatment was 
added polyethylene glycol (average molecular weight 20000) in an amount Of A^T^^^^ 
TiCfe in the suspension. fbUowed by heating to 60-C. Then, in the same nSmTas InlSSrSTf iS^ 
«^«nwas c^on a glass plate, air^ried. and then fired to cbJTZil IS^^'S^ 
(anatese^ype crystal, transparent) of the present inventkm """m oxwe coating film 

This fitenium oxkfe ooafing film fimily adhered to the glass plate (support). The film was ohs«v«H 

Example 8 

Water was added to the suspension of titanium oxide partides obtained in accordanrA with ^ 

z^^^tTTz::^^ rr^ i2^^^S,"T:^rofrs^:ss 

ZT^^ ^ oommeraally available holkm glass beads (828750 manufactured bv 3MO^\^ 
ZIT ^ <*^- <««e «««ng fiin. (anatese-type crystel. trarS^orS 

aacrwerrnd*^? r r^a'^.r :ssr - ™^ ~ 
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A titanium odde coating film (anatase^ crystal, transparent) of the present invention was obtained in 

^.^r^ ^f"® ® ^ 9^ (GBSOSM manufactured by Toshiba 

Baiotynl Ca) were used in place of the hollow glass beads. 

This titanium oxide coating film fimoly adhered to the solid glass beads (support) and substantial^ no 
cractas were found according to the observation by a light microscope. »«ni«iiy no 

Example 10 

A tilanium oxide ooaSng film (anatase^ype crystal, transparent) of the present invention was obtained in 
the same manner as m Example 8 except that a ceramic honeycomb stniduie (HONEYCERAM manufac 
tured by Nihon Galshi K.K.) was used in place of the hollow glass beads. ^"^trutRAM manufac- 

„„ ^"^ ^ honeycomb structure (support) and substantially 

no cracks wore Ibund according to the observation by a fight microscope. ^sannaiiy 

Example 11 

&JdUim hydroxide was added to an acid titania sol (CS44. titanium oxide fine particles of anatase^ 
«y^having a particle size of 6 nm. manufactured by Ishlhara Sangyo ICaisha. LW.) to adjust the pH to 7 
followed by carrying out filtration and washing. Water was added to the resulting wet c^ toliSpa^ a 

si^r»on of titanium oxide fine particles having a concentration of 100 g/l in terins of TIQj Then sodium 

hydroxide was added to the suspension toadjustthepHto10andtl« su^eSS vS' 

aj^ and sublected to a hyd,othem«l teatment at 150-C for 3 tu^Jl^Tj^!:^ 



so 



55 



TJf'- acid was 

^^hIT^ *° hydrolhemial featment to neutra^a pH of 7. ^^^ ^^ 

out filtration and water washing. Water was further added to the resulting cake of titanium «S.cL5S t? 

100 cn^y a spin coaler and dned and then, fired at 500- C for 3 hours to obtain a titanium oxide cwLo 
film (anatase^ype crystal stwcture. translucent. ""anium oxne coating 

This titanium oxide coaling film finnly adhered to the glass plate (support) and substanfially no cradcs 

^nfiom the result that the titanium oxide coating film of the present im^nfionl sZfor in^LiSyS 

o^dT^^S^ °' *II!J?^ industrially very useful process according to whk:h titanium 

^^r^S "VfWBnity and furthemwre. in optical properties. optoeLctric traiS^ 

^^^Jl,^'' ^ '^"'P'y ««"y- Furthemwre. a titanium oxi^e 

coatng film havmg a large specific surface area, less in occunence of cracks and good in adh^ Va 

ooJlL!?^"L°^* film of the present inventfon is also excellent in optical properties 

oiM^tectnc transducing propert»s and catalytic properties and is useful for optical materfals ^^rtc 
STSLST^ transdudng matoHate. decorafive materials, catalysts. pZ^^c^^S^' 
eSl^Jt^to^SiSr!^- ^ ^ coating film of the present inve^n is eZSy 
eweiient m photocatalytK: activity, and injurteus materials can be rapidty and efficiently lemoveduB^ 

be used for a long penod of tme. IS high in safety, can be applied to removal of a wkte variety of iniuri^ 
l^s and does no. poOute the enviionment even if it is abandoned. Tf^^^JS^ 

^--U^T^^f*^"^ *° *® °* *® invention, the titanium oxide coafing film can be 

fiThLtSe'iSr ''^^'^ ^ P'-^cs and lurthe^ 'ZZ.^ 
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Claims 



• A process for producing a titanium odde coating film which comprises carrying out crystal growth of 
titanium oxide fine particles to prepare titanium oxide particles, coating the resulting titanium oxide 
particles on a support and firing the coated support to allow the particles to finnly adhere to the 
support ' 

. A process according to claim 1 wherein the titanium oxide particles have an average particle size of 10 
to 100 nm. 

A proc^ aca)nftig to claim 1 wWrt comprises canying out ^tt^ 

fin© paitides by heating the fine particles at a temperature of 200 to 600*C to prepare titanium oxide 
particles, then coating the resulting titanium oxide particles on a support and firing the coated support 
at a temperature higher than the heating temperature for the crystal growth to allow the particles to 
llimly adhere to the support 

A process according to daim 1 wherein the titanium oxide fine particles is sut^ected to a hydrothermal 
treatment at 100 • C or higher to carry out the crystal growth of the fine particles. 

A process according to dabn 1 wherein a suspension of the titanium oxide fine particles is adjusted to 

and then, the suspension is subjected to a hydrotheimal treatment at 
1 00 • C or higher to cany out the crystal growth of the titanium oxide fine particles. 

A process a^ing to daim 1 wherein the titanium oxide fine particles containing nitile-type titanium 
oxide issubiected to a hydnjthemwl treatment at 100 
nne particles* 

« "^"^ ^ hydrdyzed to obtain the titanium oxide fine 

p«rtk:les and tfie resulting titanium oxide fine particles are subjected to a hydrethem^l treatment at 
100'C or higher to carry out the crystal growth of the fine partides. ««oi«ni « 

Aprooewaa»rdingtodalm 

of 4 or lower or 8 or higher and then the suspension is coated on a support and fired to allow Se 
titanium oxide particles to fimily adhere to the support. " 

^L^f^ oxide^des whid, comprises adjusting a suspension of fitanlum 

TTJ^ a PH of 4 or lower or 8 or higher and then, subjecting the suspension to a 

hydrothemwd treatmert at 100 -C or higher to carry out crystal growth of the fine partides. 

ia A process for producing titenium oxide particles whidi comprises subjecting titanium oxide fine 
particles containing ruble^ titanium oxide to a hydrothemnal treatment at 100'C or hiaher to carrv 
out crystal growth of the fine particles. v. « .ugner ro carry 

11. A process for produdng titanium oxide partides whidi comprises hydrolyzing tilanyl sulfate to obtain 

l^aZ^.^r'^^'^ "^'^ P^rtfctes to a hydrothermal 

treatment at 100'C or higher to cany out crystal growth of flie fine partides. 
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FIG. I 
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